Summary
Introduction
Lectins usually function by interacting with their glycan ligands. Therefore, modulation of glycan ligand expression on the cells is useful for the functional analysis of lectins. However, sometimes it is difficult to efficiently regulate the targeted glycan expression by single gene overexpression because several different enzymes share common molecules as substrates and targets in the multi-step and highly branched glycan biosynthesis pathway. In this chapter, we introduce the method to find responsible (e.g., rate-limiting) enzyme in the biosynthesis pathway for effective glycan expression modulation before describing transfection of glycosyltransferase gene to mammalian cells for glycan remodeling.
To find the responsible gene for the biosynthesis of a certain glycan, we established new methodology called CIRES (correlation index-based responsible-enzyme gene screening) (1) . CIRES is novel quantitative phenotype-genotype correlation analysis, utilizing cell surface phenotypes (glycan expression) and gene expression profiles obtained from multiple cells (Fig. 1) . Relative glycan expression profile among multiple cell lines is obtained using flow cytometry by staining the cells with glycan-specific probes/antibodies and calculating relative mean fluorescence intensity. The gene expression profile is concomitantly obtained by microarray (2) . Then, these glycan and gene expression profiles are assessed by calculating Pearson's correlation coefficient, and candidate genes are listed (1, 3, 4) . For the cross-comparison of multiple samples by microarray, each sample is compared with universal reference RNA (Clontech) to create a relative gene expression profile. Pearson's correlation coefficient is ranging from -1 (negative correlation) to 1 (positive correlation) and 0 means no correlation; thus, CIRES can be used to identify both positively and negatively regulating enzymes. Overexpression of positively correlated gene or knockdown of negatively correlated gene is expected to induce the expression of interested glycan (Fig. 2) . The microarray data can be repeatedly used making it unnecessary to carry out microarray experiment as long as same set of cells is used for comparison.
We have used 6 human B cell lines, Daudi, KMS-12BM, KMS-12PE, Namalwa, Raji, and Ramos for crosscomparison and deposited in gene expression database as GEO Series GSE 4407 (1, 3) , thus publically available for subsequent informatics analyses. This gene expression profiling was performed using a glycanfocused cDNA microarray (RIKEN human glycogene microarray, version 1) and a Gene Expression Omnibus (GEO) Platform (GPL#3465) (2, 5) .
Transfection of a glycosyltransferase gene can be done using standard transfection methods. Here we describe two different methods; a conventional method using liposome for transfection of adherent cells and a retrovirus method for both adherent and suspension cells (see Note 1). In general, a stronger expression level can be achieved by the use of plasmid vector-based expression and a more efficient gene transfer is achieved by retrovirus.
Materials
1. Here we introduce the method for gene overexpression; however, if the negatively correlated gene is selected to increase glycan expression, knockdown that gene by RNAi.
2. Serum is often used as blocking reagent; however, they include an array of glycoproteins. Therefore, it is recommended to use non-glycosylated bovine serum albumin instead in the case of glycan staining. Some lectins such as selectins require calcium cation for their binding to glycan ligand. If this is the case, FACS buffer should contain calcium cation. Higher concentration of calcium could alter FSC/SSC value in flow cytometry analysis. Thus, calcium concentration should be suppressed to minimal. We use 1 mM CaCl2 in such a case. Since calcium could cause salt precipitation, use Tris-buffered saline instead of PBS. Filter FACS buffer using 0.22 µm filter such as Stericup (Millipore) to remove precipitate.
3. Other reagents can also be used, although here we describe the method using Lipofectamine. Please refer to the manufacture's protocol. 12. Do not rotate the dish as this will concentrate transfection precipitate in the center of the dish. Relative cell number
